A topological property or index of a network is a numeric number which characterises the whole structure of the underlying network. It is used to predict the certain changes in the bio, chemical and physical activities of the networks. The 4-layered probabilistic neural networks are more general than the 3-layered probabilistic neural networks. Javaid and Cao [Neural Comput. and Applic., DOI 10.1007/s00521-017-2972-1] and Liu et al. [Journal of Artificial Intelligence and Soft Computing Research, 8(2018), 225-266] studied the certain degree and distance based topological indices (TI's) of the 3-layered probabilistic neural networks. In this paper, we extend this study to the 4-layered probabilistic neural networks and compute the certain degree-based TI's. In the end, a comparison between all the computed indices is included and it is also proved that the TI's of the 4-layered probabilistic neural networks are better being strictly greater than the 3-layered probabilistic neural networks.
Introduction
A network which is obtained from nerve tissue and nervous system as a computer system modelled is called neural network. The probabilistic neural networks (PNN s ) are studied to solve a number of problems in the different areas of engineering, medical, chemistry, computer and mathematics, see [39] . In particular, for the enhancement of the email security systems and the intrusion detection systems [43, 44] , to verify the signature [2] , to identify damage localization for bridges and the In the subject of chemistry, first of all Wiener (1947) used a distance-based TI to compute the boiling point of paraffin [46] . But, degree-based TI's are most studied indices, see the recent survey [19] . TI's of the various networks such as nanostar dendrimers, silicate, honeycomb, hexagonal, carbon nanotube, alkane, and hydrocarbons networks are studied in [14, 15, 38, 12, 20, 4] . This paper includes the results related to the TI's which base on the degrees of the nodes and their neighbors for the 4-layered PNN s . The rest of the current work is settled as: the frequent used definitions and formulas are given in Section 2, the main results of the TI's for the 4-layered PNN s are computed in Section 3 and a comparison between all the obtained indices is given in Section 4. In the same Section, we also show that the TI's of the 4-layered PNN s are better than the TI's of the 3-layered PNN s .
Mathematical Preliminaries
For the vertex-set V (Γ) and the edge-set E(Γ), a molecular graph Γ = (V (Γ), E(Γ)) is a graph in which vertices show atoms of the underlying chemical structure and edges present bonds between them. The number of vertices lying on a vertex s is called its degree (d(s)). Now, we define
If an edge connects a vertex to itself is called a loop and two or more than two edges are multiple edges if their end points are same. The used notions and terminologies of the graphs are standard, see [26, 47] . Now, we define some frequently used TI's. 
In the general Randić index, for α = − [20] , (Milan Randić; 1975) [36] , Bollobás and Erdös; 1998) [6] , [1] , (Li and Zheng; [50] , (Li and Gutman; 2006) [49] , (Iranmanesh and Azari; 2011) [3] , [16] . Definition 2.2. The atom bond connectivity index, forth version of atom bond connectivity index, geometric-arithmetic index, fifth version of the geometric-arithmetic index, augmented Zagreb index and Sanskruti index are defined of the molecular graph Γ as
], Figure 1 , the 4-layered PNN is shown.
Main Results
In this Section, 4-layered PNN s are discussed and the certain degree-based topological indices are computed. Before the main results, we explain our solution method as follows:
We make the vertex and edge partitions of the PNN s on the bases of the degrees of the vertices. We also formulate the cardinalities of all the obtained sets as the results of the partitions. Then, we apply the formulas and obtain the mathematical expressions in the most suitable forms. At the end, a comparison is also made with the help of the diagrams. There are four types of vertices in PNN(r, s,t, 1), namely of degrees st, r + 1, t + 1, and s. Thus, we have
where
There are three types of edges in PNN(r, s,t, 1) on the base of degrees of end vertices, namely {st, r + 1}, {r + 1,t + 1} and {t + 1, s}. Thus, we have (PNN(r, s,t, 1) ). 
Proof. For the required results, we use definitions of Section 2 and Tables of Section 3 as follow.
If we use α = − PNN(r, s,t, 1) 
The following corollary can be obtain with the help of Theorem 3.2. 
Corollary to Theorem 3.2. Let Γ ∼ = PNN(r, s,t, 1) be a 4-layered PNN. Then, for r, s,t ≥ 1, F(Γ) and HM(Γ) are given by
Proof. For the required results, we use definitions of Section 2 and Tables of Section 3 as follow. (i)
(ii)
Theorem 3.4. Let Γ ∼ = PNN(r, s,t, 1) be a 4-layered PNN. Then, for r, s,t ≥ 1, ABC 4 , GA 5 , and S are given as
(i)
Conclusion
This Section includes the comparison between all the computed TI's for the 4-layered PNN s . In Section 3, the results are obtained in term of r (total vertices in first layer), s (number of classes in pattern layer and number of nodes in summation layer) and t (number of nodes in each class of pattern layer). Moreover, |V (PNN(r, s,t, 1) )| = v = r + s(t + 1) + 1. If we assume s = 2 and t = 1, then the 4-layered PNN becomes PNN(r, 2, 1, 1) with order v = r + 5.
In Figure 2 , the values of v and the computed TI's of the 4-layered PNN (PNN(r, 2, 1, 1) ) are taken along the horizontal and vertical line respectively. It can be noted that the TI's M 1 , M 2 , M 1,1 , AZI, ABC, ABC 4 , GA and GA 5 remain constant such that M 2 and M 1,1 are dominant. However, the Sanskurti index (S) is rapidly increasing with the increasing values of v. In Figure 3 , PM 1 , F, and HM are constant with HM as a dominant index and PM 2 rapidly increases with the increasing values of v. Now in Figure 4 , we find PM 2 as a dominant than the S index which shows that PM 2 is better one among all the computed indices. Now, to prove that the TI's of the 4-layered PNN s are better than the topological indices of the 3-layered PNN s , we only show that PM 2 of the 4-layered PNN s is greater than the PM 2 of the 3-layered PNN s . For the purpose, we proceed as follows. (PNN(r, s,t) ). The last inequality shows that the PM 2 of the 4-layered PNN s (PNN(r, s,t, 1) ) is greater than the PM 2 of the 3-layered PNN s (PNN(r, s,t) ). For further study of the 3-layered PNN s , we refer [27] . Hence, we conclude that the obtained TI's can be helpful to understand the topological properties of the 4-layered PNN s . For the uses of these indices in various fields particularly in pharmaceutical industry, see [24, 23, 27, 19] .
